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Abstract
The large tensor spectrum recently observed by the BICEP2 Collaboration requires a super-
Planckian field variation of the inflaton in the single-field inflationary scenario. The required
slow-roll parameter ǫ ≈ 0.01 would restrict the e-folding number to around 7 in (sub-)Planckian
inflationary models. To overcome such problems, we consider a two-field scenario based on the
natural assisted supersymmetric (SUSY) hybrid model (“natural SUSY hybrid inflation” [1]), which
combines the SUSY hybrid and the natural inflation models. The axionic inflaton field from the
natural inflation sector can admit the right values for the tensor spectrum as well as a spectral
index of 0.96 with a decay constant smaller than the Planck scale, f . MP . On the other hand,
the vacuum energy of 2 × 1016GeV with 50 e-folds is provided by the inflaton coming from the
SUSY hybrid sector, avoiding the eta problem. These are achieved by introducing both the U(1)R
and a shift symmetry, and employing the minimal Ka¨hler potential.
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I. INTRODUCTION
Cosmological inflation not only resolves the problems in the standard big bang cosmology
such as the homogeneity and flatness problems, but also explains the cosmological pertur-
bations in matter density and spatial curvature [2]. Those could naturally arise from the
vacuum fluctuations of light scalar field(s) during inflation and be promoted to classical
fluctuations around the time of the horizon exit. Indeed, the primordial power spectrum
generated by an inflaton [3] turned out to be quite consistent with the cosmic microwave
background (CMB) observations [4–6]. At the present, the inflationary paradigm seems to
be strongly supported by various cosmological observations.
Recently, the BICEP2 Collaboration reported their observation on the B mode of the
primordial gravitational wave [7]. Their measurement indicates a large tensor spectrum or
a large tensor-to-scalar ratio in the power spectrum [7]:
r = 0.2+0.07−0.05 (or 0.16
+0.06
−0.05 ), (1)
(after foreground subtraction with the best dust model). The tensor spectrum is evaluated
on the scale, xls/100 . k
−1 . xls with xls = 14, 000Mpc, which corresponds to a change
in the e-folding number, ∆N ∼ 4. For smaller scales, however, the tensor spectrum by the
primordial gravitational wave is suppressed. Moreover, it is not constrained by observation
anymore. Such a large tensor-to-scalar ratio for the large scale implies relatively large values
of the slow-roll parameter ǫ and the vacuum energy during that period of inflation:
ǫ∗ ≈ 0.01 and V 1/4 ≈ 2.08× 1016GeV. (2)
In the slow-roll regime, the large r requires a super-Planckian field variation for the
inflaton in single-field inflationary models [8, 9]:
∆ϕ
MP
& O(1)×
( r
0.1
)1/2
, (3)
whereMP denotes the reduced Planck scale (≈ 2.4×1018GeV). However, a super-Planckian
field variation might imply the breakdown of an effective field theory description on inflation.
On the other hand, the problem of sub-Planckian inflation is that such a relatively large
ǫ ≈ 0.01 yields a too small e-folding number:
∆N ≈ 1
MP
∫
dϕ√
2ǫ
≈ 7
(
∆ϕ
MP
)√
0.01
ǫ
. (4)
Thus, only ∆N ∼ 7 is maximally obtained for ∆ϕ ∼ MP . In order to get a large enough
e-folding number, hence, either the field value must be super-Planckian or the slow-roll
parameter ǫ should somehow be made to rapidly decrease (after about 7 e-folds [10]).1 For
1 For the possibility of a large tensor-to-scalar ratio with single-field inflation models, see Refs. [11, 12].
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super-Planckian field values, however, it is necessary to invoke a symmetry to avoid the
disastrous higher-order terms [13, 14]. For a too rapidly decreasing ǫ, the power spectrum
may violate the observational constraint.
To be consistent with the observation of the CMB, the power spectrum should be main-
tained as almost a constant within the observable scales in the CMB, which is within the
range of 10Mpc . k−1 . xls, corresponding to to ∆N ∼ 7 [6]. For smaller scales, the power
spectrum is constrained only to be smaller than around 10−2 by the argument of the missing
primordial black hole [15], or 10−4 by acoustic damping [16, 17], and especially less than
0.007 for 10−5Mpc . k−1 . 10−4Mpc from big bang nucleosynthesis (BBN) [18]. There is
also a stronger constraint, Pζ . 10−6, for a specific type of dark matter using the nonob-
servation of the ultracompact mini halo [19].2 Actually, it is quite hard to accommodate all
the above stringent constraints within the single-field inflationary framework.
The inflationary scenario is, indeed, based on the quantum theory of scalar fields. For
successful inflation, the inflaton mass is required to be much lighter than the Hubble scale
during inflation. As seen in the Higgs boson and the gauge hierarchy problem in elementary
particle physics, however, it is highly nontrivial to keep a small enough inflaton mass against
quantum corrections. Actually, only a few ways to get a light scalar are known in quantum
field theory: i.e., by introducing (i) the supersymmetry (SUSY), (ii) a global U(1) symmetry,
or (iii) a strong dynamics. We will discuss here only the first two possibilities for a small
inflaton mass.
SUSY is an excellent symmetry that can protect a small scalar mass against quantum
corrections. However, the problem in SUSY inflationary models is that SUSY must be broken
due to positive vacuum energy of the Universe during inflation, even if it was introduced:
positive vacuum energy inflating the Universe can induce a Hubble scale inflaton mass in
supergravity (SUGRA), violating a slow-roll condition, η ∼ O(1). It is called the “eta (η)
problem” in SUGRA inflation models. It is a quite generic problem requiring an elaborate
model construction to overcome.
In SUSY hybrid inflation or “F -term inflation” [20, 21], fortunately the Hubble induced
mass term is accidentally canceled out with the minimal Ka¨hler potential and the Polonyi-
type superpotential during inflation. The specific form of the superpotential can be guar-
anteed by the introduced U(1)R symmetry. In this class of models, SUSY-breaking positive
vacuum energy generates a logarithmic quantum correction to the constant scalar potential,
which can draw the inflaton to the true minimum, triggering reheating of the Universe by
the waterfall fields. The waterfall fields develop nonzero vacuum expectation values (VEVs)
at their true minima, which can be determined with CMB anisotropy [21]. They turn out
to be tantalizingly close to the scale of the grand unified theory (GUT), (≈ 2 × 1016GeV).
Due to this, the waterfall fields can be regarded as GUT-breaking Higgs bosons in this class
2 The improved observation on the spectral distortions on the CMB will constrain the power spectrum more
strongly in the large scales corresponding to ∆N ∼ 17 from xls [16, 17].
3
of models [22–25].
In the (original) SUSY hybrid inflation model, a red-tilted power spectrum [21] around
nζ ≈ 1 + 2η ≈ 1− 1
Ne
≈ 0.98 (5)
is predicted for Ne = 50 – 60 e-folds. It is too large compared to the present bound on the
spectral index. On the contrary, the tensor spectrum is too small to detect, r . 0.03 in this
class of models [26–29]. Basically, the required slow-roll parameter, ǫ ≈ 0.01, is hard to get
in SUSY hybrid models.
In the “natural inflation” model [13], the inflaton is looked upon as a pseudo-Nambu-
Goldstone boson introduced from the spontaneous breaking mechanism of an anomalous
global U(1) symmetry, U(1)PQ. By instanton effects, which break U(1)PQ to a shift sym-
metry, a sinusoidal-type inflaton potential can be generated in this model. Because of a
remaining shift symmetry, the inflaton field does not appear in the Ka¨hler potential in the
SUSY version of the natural inflation model [30]. As a result, the unwanted Hubble scale
inflaton mass term is not induced in the SUGRA potential during inflation.
For a small enough slow-roll parameter η, however, the U(1)PQ breaking scale or the
“axion decay constant” f must be larger than the Planck scale,
f & 3MP . (6)
This implies that U(1)PQ should be valid above the Planck scale. However, such a U(1)PQ
is not natural, because quantum gravity effects are known to break all continuous global
symmetries, including U(1)PQ. One possible way to obtain an effectively large f from a
sub-Planckian Peccei-Quinn scale is to employ multiple axionic inflaton fields [31, 32].
Interestingly enough, the “natural” assisted SUSY hybrid inflation model or “natural hy-
brid (NH) inflation” [1], which combines the SUSY hybrid and the natural inflation models,
can cure the problems of the SUSY hybrid and natural inflationary models by interplay of
the two inflatons: it can yield the desired value nζ ≈ 0.96 and realize f ≪ MP . The NH
inflation introduces a shift and U(1)R symmetries, and it provides two light inflaton fields:
one is the SUSY hybrid inflaton, and the other is the axionic one. Their Hubble induced
masses are not generated if the Ka¨hler potential is of the minimal form [1]. Thus, the η
problem can be avoided. The smallness of the higher-order terms (particularly the quartic
coefficient) in the Ka¨hler potential, however, needs to be justified with a UV quantum grav-
ity theory. Since just a shift symmetry rather than U(1)PQ is employed, the decay constant
f here does not have to be associated with a spontaneous symmetry-breaking mechanism.
In this paper, we will consider a two-field inflationary scenario [33] by the NH inflation
model to account for the observed large tensor spectrum: we will attempt to show that
the NH inflation model achieves the large tensor-to-scalar ratio 0.16 by interplay of the two
inflaton fields. A large enough e-folding number during inflation to resolve the homogene-
ity and flatness problems can be obtained with large vacuum energy before the waterfall
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field destabilizes the vacuum. It is mainly driven by the inflaton coming from the SUSY
hybrid model. On the other hand, the cosmological observables associated with quantum
fluctuations of the inflaton are mainly provided by the inflaton of the natural inflation.
During the first seven e-folds after the comoving scale of the last scattering exits the
horizon, inflation is driven by the two inflaton fields, explaining the observed spectra in
the CMB. After the axionic inflaton reaches almost the minimum of its potential, however,
the inflationary history follows that of the SUSY hybrid models until the waterfall fields
terminate the inflation, eventually yielding about 50 e-folds [34]. In this model, the field
values of the SUSY hybrid inflaton during inflation are sub-Planckian (∼ 1016−17GeV), while
the axionic inflaton moves a Planckian distance along the phase direction [35], which would
not cause harm.
This paper is organized as follows. In Sec. II, we set up the SUGRA model. In Sec. III,
we discuss the spectrum and its indices for both scalar and tensor perturbations in the NH
inflation model, which are the main results. We conclude in Sec. IV.
II. THE NATURAL HYBRID INFLATION MODEL
In this section, we briefly review the NH inflation model [1]. We introduce the U(1)R
symmetry and a shift symmetry. They are necessary to protect the two light inflaton masses
against the Hubble scale SUGRA corrections during inflation. Under the U(1)R symmetry,
the superpotential W and a superfield S are assumed to transform in the same manner:
W → e2iγW and S → e2iγS. Under the shift symmetry, a superfield T [= 1√
2
(φ + ia)] is
supposed to undergo the transformation as T → T + 2πif , where the decay constant f is
a constant with mass dimension 1. Hence, only the imaginary component of T transforms
under the shift symmetry, a→ a+2√2πf . S and a are regarded as the inflaton fields. The
shift symmetry does not have to be embedded in a global U(1) symmetry for a small mass of
a: since the SUSY has been already introduced, the inflaton a can potentially be light. Just
for avoiding the Hubble induced mass term, a shift symmetry is enough [30], as will be seen
below. We also consider the superfields of a conjugate pair, ψ and ψ, which are assumed to
carry opposite gauge charges. They play the role of the waterfall fields.
The superpotential consistent with the U(1)R and the shift symmetries is written as
W = κS
[
M2 −
∑
n
m2ne
−nT/f − ψψ
(
1 +
∑
n
ρne
−nT/f
)]
, (7)
where M2 and m2n (κ and ρn) are dimensionful (dimensionless) parameters. n can be any
integral number. We require the hierarchy between the parameters
m2n
M2
≪ f
2
M2P
. 1. (8)
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At the minimum of the F - and D-term potentials, ψ and ψ develop proper VEVs, |〈ψ〉| =
|〈ψ〉| ≈ M .3 On the other hand, for 〈S〉 & M , they are stuck to the origin, 〈ψ〉 = 〈ψ〉 = 0,
because of the heavy masses generated by the nonzero VEV of S, and almost constant
vacuum energy (≈ κ2M4) is induced, which makes inflation possible.
During inflation, thus, the waterfall fields ψ and ψ are decoupled from dynamics due to
their heavy masses, and so the superpotential and the Ka¨hler potential are simply given by
Winf = κS
(
M2 −
∑
n
m2ne
−nT/f
)
and Kinf = |S|2 + 1
2
(T + T ∗)2, (9)
respectively. Note that the imaginary component of T , i.e. a, does not appear in the Ka¨hler
potential due to the shift symmetry. With the covariant derivatives in SUGRA,
DSW =
∂W
∂S
+
W
M2P
∂K
∂S
= κM2
(
1 +
|S|2
M2P
)(
1−
∑
n
m2n
M2
e−nT/f
)
, (10)
DTW =
∂W
∂T
+
W
M2P
∂K
∂T
≈ κM2 fS
M2P
(
T + T ∗
f
+
M2P
f 2
∑
n
n
m2n
M2
e−nT/f
)
, (11)
and the (inverse) Ka¨hler metric, KSS
∗
= 1/KSS∗ = 1, K
TT ∗ = 1/KTT ∗ = 1, K
ST ∗ = KST ∗ =
0, etc., one can write down the F -term scalar potential:
VSUGRA = e
K/M2
P
[
|DSW |2 + |DTW |2 − 3 |W |
2
M2P
]
≈ κ2M4
(
1 +
φ2
M2P
)
∣∣∣∣∣1−
∑
n
m2n
M2
e−nT/f
∣∣∣∣∣
2
+
f 2|S|2
M4P
∣∣∣∣∣
√
2φ
f
+
M2P
f 2
∑
n
n
m2n
M2
e−nT/f
∣∣∣∣∣
2

 (12)
≈ κ2M4
[
1−
(∑
n
m2n
M2
e−nT/f + h.c.
)
+
δφ2
M2P
]
,
where we have inserted (T + T ∗) =
√
2φ and dropped |S|4/M4P because of its smallness,
and used eK/M
2
P ≈ (1 + φ2/M2P )(1 + |S|2/M2P ). As seen in Eq. (12), the Hubble scale
mass terms for S and a are not generated. In contrast, the real component of T , i.e. φ
(≡ 〈φ〉+ δφ), which is invariant under the shift symmetry and so contributes to the Ka¨hler
potential, obtains the Hubble scale mass term, κ2M4δφ2/M2P = 3H
2δφ2, violating the slow-
roll condition (η = 1). Hence, it should be stabilized during inflation. Its VEV is estimated
as 〈φ〉/f = O(M2Pm2n/f 2M2)≪ 1. We will neglect 〈φ〉/f .
3 In this class of models, a gauge symmetry is broken after the end of inflation. However, the expected
cosmological problems associated with topological defects could be avoided by introducing higher-order
terms of the waterfall fields, leaving intact the salient features of the inflationary scenario [23]. This is
because such higher-order terms admit the trajectory along which the gauge symmetry is broken during
inflation. This mechanism just effectively redefines the mass parameter M .
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FIG. 1: (a) Axionic part of the inflaton potential in units of µ4λ1 (i.e., sinθ − βsin2θ) and (b)
∂Vinf/∂θ in units of µ
4λ1/f (i.e. cosθ − 2βcos2θ) with β = 0.15. Between a/f ≈ +1 and −1, the
slope of the potential is almost constant, and so the ǫa is almost constant. The axionic inflaton
a rolls down from a/f = 0.4 to the minimum given by Eq. (17). Since the potential becomes flat
around the minimum, the axionic inflaton field slows down and approaches the minimum until the
inflation is halted by the waterfall fields.
III. INFLATION WITH THE LARGE TENSOR SPECTRUM
In this section, we explore the conditions under which Eq. (12) can account for the power
spectrum (Pζ) and its scalar spectral index (nζ) [6],
Pζ = (2.198± 0.056)× 10−9 (13)
nζ = 0.9603± 0.0073 (14)
for the first seven e-folds of the inflation after the scale of the last scattering exits the horizon,
and also the tensor-to-scalar ratio (r) [7],
r = 0.16+0.06−0.05 (15)
for the first four e-folds. For the smaller scales, the scalar power spectrum should be smaller
than 10−4.
These requirements on the primordial spectra can be achieved with the periodic inflaton
potential by the infinite summation of e−nT/f in Eq. (12). However, we will show that
all the above cosmological requirements can easily be satisfied with only two terms of the
summation.4 When all the fields heavier than the Hubble scale are decoupled out, the
4 It was pointed out that a large running spectral index, dnζ/dlnk = −0.028± 0.009 (68%) [7] can reconcile
the tension between BICEP2 and PLANCK on r [36]. In principle, such a value of dnζ/dlnk can also be
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effective inflationary potential becomes
Vinf ≈ µ4
(
1 + λ1sin
a
f
− λ2sin2a
f
+ αlog
σ
Λ
)
, (16)
where the parameters are identified with the parameters in Lagrangian of Eq. (12) as
µ4 ≡ κ2M4, λ1,2 ≡ ±2im21,2/M2 (≪ 1), and α ∼ κ2/8π2 (≪ 1), respectively. Here we
have assumed that m21,2 are purely imaginary. The last term corresponds to the quantum
correction to the potential generated when the waterfall fields ψ and ψ are integrated out:
σ denotes the real component of S, and Λ is the renormalization scale. In this potential,
the minimum of the a field is located at
amin
f
= −cos−1
[
1−√1 + 32(λ2/λ1)2
8(λ2/λ1)
]
, (17)
which is slightly smaller than −π/2 for |λ2/λ1| ≪ 1. For the shape of λ1,2 terms in the
potential Eq. (16), see Fig. 1, where we set λ2/λ1 = 0.15. In this case, amin/f ≈ −1.83. The
slow-roll parameters in this model are calculated as follows:
ǫa =
M2P
2
(µ8/f 2)(λ1cos
a
f
− 2λ2cos2af )2
V 2inf
≈ λ1ξ
2
2
(cosθ − 2β cos2θ)2 ,
ηa =
M2P (µ
4/f 2)(−λ1sin af + 4λ2sin 2af )
Vinf
≈ −ξ2 (sinθ − 4β sin2θ) ,
ǫσ =
M2P
2
α2µ8/σ2
V 2inf
≈ α
2χ2
, ησ = −M
2
Pµ
4α/σ2
Vinf
≈ − 1
χ2
,
(18)
where the parameters ξ2, β and the fields θ, χ are defined as
ξ2 ≡ M
2
Pλ1
f 2
, β ≡ λ2
λ1
, and θ ≡ a
f
, χ ≡ σ√
αMP
. (19)
Note that ǫσ is always relatively suppressed: ǫσ ≪ |ησ| for α ≪ 1. For r = 0.16, we need a
relatively large ǫ (≈ 0.01). As mentioned in the Introduction, ǫσ ≈ 0.01 is hard to get in the
SUSY hybrid inflation model: if ǫσ is about 0.01, ησ should be much larger than it, violating
the slow-roll condition. Hence, ǫ should be dominated by ǫa unlike in the case of Ref. [1].
Since the vacuum energy is almost constant in this model, ǫa should also be kept almost
constant for a constant power spectrum during the first seven e-folds. This is necessary for
consistency with the CMB observations, as mentioned in the Introduction. Only two terms
of e−nT/f in Eq. (12) would be sufficient, as seen in Fig. 1-(b).
encoded in the potential Eq. (12) with several sinusoidal functions. But we need to wait for more data on
it at the moment.
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In the two-field inflationary scenario, the cosmological observables in Eqs. (13)–(15) are
expressed as follows [37–39]:
Pζ ≈ µ
4u¯2
24π2M4P ǫ
∗
a
(1 + rˆ) , (20)
nζ − 1 ≈ −2(ǫ∗a + ǫ∗σ) + 2
−2ǫ∗a + u¯2(η∗a + η∗σ rˆ)
u¯2(1 + rˆ)
, (21)
r ≈ 16ǫ
∗
a
u¯2(1 + rˆ)
, (22)
where a (sub- or) superscript “∗” denotes the values evaluated at a few Hubble times after
the horizon exit of inflation. They depend on the effects at the end of inflation as well as
the slow-roll parameters at the horizon exit [33, 40–42]. The general formula for the power
spectrum for two-field inflation including both effects has been obtained in Ref. [33]. The
parameter rˆ in the above expressions is defined as the ratio of the contribution from both
the axionic and the SUSY hybrid inflatons to the power spectrum, given by
rˆ =
ǫ∗a
ǫ∗σ
v¯2
u¯2
, (23)
where u¯ and v¯ are defined as
u¯ ≡ Rǫ
e
a
ǫ¯e
and v¯ ≡ ǫ
e
σ
ǫ¯e
(24)
with ǫ¯e = Rǫea + ǫ
e
σ, and thus u¯ + v¯ = 1. The (sub- or) superscript e’s indicate the values
at the end of inflation. The factor R parametrizes how much the hypersurface of the two
inflaton fields at the end of the inflation deviates from the hypersurface of the uniform energy
density, defined as
R =
∂σVe
∂aVe
∂aE
∂σE
. (25)
Here Ve and E [= E(ae, σe) = constant] denote the two inflatons’ potential and hypersurface
at the end of inflation, respectively.
It turns out that the axionic inflaton a already arrives near the minimum, a/f ≈ −1.80
at 20 e-folds for ξ2 = 1
4
and β = 0.15. Inflation is driven dominantly by σ, following
the scenario of the ordinary SUSY hybrid model. As S reaches M , i.e. κ2
∣∣|S|2 −M2∣∣ .
κ2M4/M2P , the waterfall fields ψ and ψ become light and can start rolling down to their true
minima. When the slow-roll condition for S is violated due to the nonzero VEVs of ψ and
ψ, M2P∂
2
SS∗Ve/Ve ≈ 1, inflation is eventually over. When inflation terminates, the inflatons’
potential Ve is given by
Ve
κ2M4
≈
∣∣∣∣∣1−
∑
n
m2n
M2
e−nT/f − ψψ
M2
(
1 +
∑
n
ρne
−nT/f
)∣∣∣∣∣
2
+
|S|2
M2

 |ψ|2 + |ψ|2
M2
∣∣∣∣∣1 +
∑
n
ρne
−nT/f
∣∣∣∣∣
2

 ,
(26)
9
which is just the scalar potential derived from Eq. (7). Since ψ and ψ become light, here
we do not consider the logarithmic term of Eq. (16). In Eq. (26), we neglected the terms
coming from |∂W/∂T |2, which are of orderm4n/(Mf)2, (ψψ)2/(Mf)2, etc., due to the relative
smallness. Since inflation is over withM2P∂
2
SS∗Ve/Ve ≈ 1, it is reasonable to take the slow-roll
condition as the hypersurface of the end of inflation, E = M2P∂
2
SS∗Ve/Ve. Note that when the
slow-roll condition is violated, ψ and ψ do not reach their minima yet, i.e. |〈ψ〉| = |〈ψ〉| ∼
O(1014)GeV for M ∼ O(1016)GeV.
In our case, the axionic inflaton field very closely approaches its minimum at the end of
inflation, ∂aVinf → 0, unlike the case of Ref. [1], where Vinf is given in Eq. (16). As a result,
∂σVe, ∂aE, and also ∂aVe are suppressed with O(ψ2/M2). However, ∂σE, which is of order
ψ4/M5, is more suppressed. Thus, R is estimated to be of order M2/ψ2 ∼ 104. We suppose
that ρns in Eqs. (7) or (26) are given such that ∂aVe/∂σVe & 0.1 and so Rǫ
e
a/ǫ
e
σ & 10
2.
Then, we have u¯2 ≈ 1 and v¯2 . 10−4, which can lead to rˆ ≪ 1 only if ǫ∗a is not excessively
larger than ǫ∗σ or ǫ
∗
a/ǫ
∗
σ . 10
3. Consequently, the scalar power spectrum can be determined
dominantly by the inflaton a under such a proper situation, although the vacuum energy µ4
results from dynamics of the inflaton σ as in the usual SUSY hybrid inflation.
From Eqs. (15) and (22), ǫ∗a should be around 0.01, which determines µ = 2.08×1016GeV
with Eqs. (13) and (20) as mentioned in the Introduction. As seen in Fig. 1-(b), ǫa can be
almost constant between θ = a/f ≈ +1 and −1 for β = 0.15. We take θ∗ = 0.4 as the initial
value of θ. Then, both ǫ∗a and η
∗
a can be 0.01, e.g., with λ1 = 0.16 and ξ
2 = 1
4
, determining
f = 0.8MP from Eq. (19). Assuming ǫ
∗
σ ≪ ǫ∗a, thus, we obtain the desired value of nζ
(≈ 0.96) from Eq. (21). The rolling of the axionic inflaton a from θ = 0.4 to −1.0 provides
eight e-folds:
∆Na ≈ f
2
M2Pλ1
∫ 0.4
−1.0
dθ
cosθ − 2β cos2θ =
1
ξ2
∫ 0.4
−1.0
dθ
cosθ − 2β cos2θ ≈ 8. (27)
Therefore, the tensor spectrum is also constant in this ∆Na ≈ 8 with r ≈ 16ǫ∗a ≈ 0.16. Thus,
all the cosmological observables are determined dominantly by dynamics of a, although
inflation is driven by both the inflaton fields, a and σ, in this period.
After ∆Na ≈ 8, the inflaton a gradually approaches its minimum, but its field value
becomes trans-Planckian. Analyses on the cosmological observables ǫa, ηa, etc. might loose
the predictivity in the super-Planckian regime, particularly if the shift symmetry is just an
accidental symmetry among low-dimensional operators: (higher-dimensional) softly breaking
terms could be included in the superpotential (and also the Ka¨hler potential) (See e.g.
Ref. [30]). While Planck-suppressed higher-dimensional operators could be sensitive to trans-
Planckian field values, however, they leave intact the above results associated with the
sub-Planckian field values. We just assume that their effects are small enough even in the
super-Planckian regime, even if they are not related to the present observational data.
The second stage of inflation after the first eight e-folds is driven mainly by the SUSY
hybrid inflaton field S (or σ), which maintains until S reaches M : i.e., σe =
√
2M . Once
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the waterfall fields ψ and ψ become light, the potential of a is dominated by the ρn terms
as discussed in Eq. (26). During the whole period of inflation, an e-folding number of 50 is
obtained by σ:
Nσ =
1
M2P
∫ ∗
e
V
∂V/∂σ
dσ ≈ 1
M2P
∫ ∗
e
σ
α
dσ =
1
2
(
χ2∗ − χ2e
)
= 50, (28)
so we have χ2∗ = σ
2
∗/αM
2
P ≈ 100. σ is always required to be sub-Planckian, σ < MP , which
thus yields
σ∗
MP
≈ 10√α < 1 or κ < 0.9. (29)
For α ≪ 1, hence, ǫ∗σ = α/2χ2∗ ≪ 0.01, which meets the previous assumption, ǫ∗σ ≪ ǫ∗a.
Since µ is just the GUT scale, MG, M (= µ/
√
κ) is slightly higher than the GUT scale.
For σ∗/MP ≈ 0.3 (1.0), we find κ ≈ 0.3 (0.9) and M ≈ 1.9 ×MG (1.0 ×MG). They yield
ǫ∗σ ∼ 10−5 (10−4), which maintains the consistency with rˆ ≪ 1.
IV. CONCLUSION
The large tensor-to-scalar ratio, r ≈ 0.16 observed by the BICEP2 Collaboration requires
a super-Planckian field variation during the inflationary era in the single-field inflation sce-
nario, which might destroy field theory description on inflation. Although it could be con-
trolled using a shift symmetry, a super-Planckian decay constant would be another obstacle
for constructing an inflation model based on effective field theory.
In this paper, we have considered a two-field inflationary scenario based on the NH
inflationary model, which combines the natural and SUSY hybrid inflation models. In this
model, the Hubble scale induced mass term for the two inflaton fields, σ and a can be avoided
by introducing the U(1)R and a shift symmetries, and employing the minimal form of the
Ka¨hler potential. The inflation is terminated by the VEVs of the waterfall fields, which is
around the GUT scale.
The power spectrum in the observable scale of ∆N ∼ 8 is determined mainly by the
axionic inflaton field, while the needed e-folding number can be obtained from the hybrid
inflation sector before the waterfall field terminates inflation. We find that the large tensor
spectrum corresponding to r ≈ 0.16 as well as the spectral index of the scalar power spectrum
nζ ≈ 0.96 are well obtained with a sub-Planckian decay constant, f . MP . While the field
values of the SUSY hybrid inflaton σ are sub-Planckian (∼ 1016−17GeV) during inflation, the
axionic inflaton a moves a Planckian distance along the phase. However, the cosmological
observables are determined while it stays in the sub-Planckian regime.
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